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The concept of localization of infection by a  "walling off" process has been 
widely accepted since Menkin  (1) demonstrated that the injection of Staphylo- 
coccus aureus was followed in 1 hour by occlusion of neighboring lymphatics and 
the formation of a  fibrinous network. In the present study an attempt has been 
made to test this hypothesis by injecting staphylococci into the cheek pouch of 
the golden hamster,  Mesocricetus  auratus, and following the resulting  changes 
by means of direct microscopic observation of the tissue,  by blood counts, and 
by recovery of the microorganisms.  The cheek pouch has been shown by Ful- 
ton, Jackson, and Lutz (2)  to be a  convenient site for observation of vascular 
changes. When  drawn  out and  transilluminated  by their method it offers ad- 
vantages  for  the  study  of  local  infection,  being  semitransparent,  although 
completely covered by a  stratified  epithelium. 
Materials  and  Methods 
Young adult hamsters of either sex, approximately  100 gin. in weight, were used. The in- 
fecting organism was Mi~rococeus pyogenes  var. aureus, a pigmented, beta hemolytic, eoagulase- 
positive strain, originally isolated from a throat culture. 
The microorganisms were prepared by incubation on beef extract agar slants for 24 hours 
immediately prior to injection.  (An attempt was made to keep the size of the inoculum uni- 
form.) They were then suspended in sterile saline, washed once, and resuspended in 10 ml., 
and 0.05 ml. of this supension was injected into the membranous portion of the cheek pouch, 
which had been drawn out and pinned flat. By this method, reproducible results were obtained 
as to size of abscess, time of development, and time of healing. 
The hamsters  were anesthetized  with  a  6.5 per cent nembutal  solution  (pentobarbital 
sodium, Abbott),  0.15 ml. per 100 gin. body weight, administered  intraperitoneally.  When 
prolonged observation was necessary, increments of 0.05 ml. of the anesthetic were given. 
When drawn out for observation, the cheek pouch was covered with Ringer's solution, kept 
at body temperature.  For high power observation  of immediate  reaction  to infection,  the 
upper epithelium and connective tissue were removed from a portion of the pouch, leaving the 
lower wall, with its circulation, exposed; the staphylococcus suspension was applied directly to 
this. In all other cases, the bacteria were injected into the tissue of the intact cheek pouch. In 
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those cases in which dissection was done to follow the progress of the abscess, the dissected 
pouches were not used again,  but other animals,  in appropriate  stages  of infection, were 
substituted.  At least ten animals were studied at each stage of infection; in most cases, the 
number was larger. Blood for total white and differential counts was drawn by cardiac punc- 
ture. 
In recovering the staphylococci from the tissue, the cheek pouch was spread out in the same 
position each time, so that the abscess always lay in the same quadrant of the flattened pouch. 
The surface was washed with sterile saline, then gently swabbed with 1:1000 aqueous zephiran 
solution. After 1 minute, the disinfectant was removed by two rinsings with sterile saline. A 
needle, with a tuberculin syringe, was inserted beneath the epithelium in the center of each 
quadrant of the pouch. (In the section containing the abscess, the needle was placed in the 
center  of the lesion.) The needles and syringes were sterilized by boiling, and were moist 
enough so that, although the plunger was at the bottom of the barrel to start, it was always 
possible to draw up and then expel a drop of liquid, whether any appreciable amount of fluid 
was obtained from the tissue or not. In the tissue, the plunger was pulled out to the 0.2 ml. 
mark; the needle was then withdrawn, and the contents expelled on the surface of an agar plate. 
The plates were also divided into quadrants,  and when the drops of fluid from the correspond- 
ing portions of the cheek pouch had been deposited on the medium, each was streaked out over 
one-quarter of the area of the plate: Contamination  of these cultures from the surface of the 
cheek pouch occurred only twice, and was readily detected, since the predominating organism 
on all hamster cheek pouches which we have studied  is P.~eudomonaz aeruginosa, and this 
inhibits the growth of other forms. As will be seen, numerous sterile plates were obtained by 
this method. 
EXPERIMENTAL 
0  tO 2  Hours 
When  a  suspension  of staphylococci was  applied  directly  to  the  dissected 
cheek pouch, there was an almost instantaneous constriction of arterioles, lasting 
about 15 seconds, and followed by a return to the normal state. 3 to 5 minutes 
after  the  application,  leukocytes began  to accumulate  along  the  walls of the 
small venules, and in 10 to 15 minutes, exudation of the ameboid cells into the 
tissue  could be observedl  In approximately  2 hours, minute petechial hemor- 
rhages  appeared  at  the  junctions  of  the  small  venules.  These  petechiae  in- 
creased in size, becoming confluent in the ensuing hours. After about 3 hours, 
the tissue became so opaque as to preclude further high power observation. 
2  to  24 Hours 
When the bacterial  suspension  was injected  into the intact  cheek pouch, a 
small bleb  was produced,  approximately  5  ram.  in diameter,  and the  abscess 
which  eventually  developed  appeared  in  the  same  spot,  and,  at  its  largest, 
occupied about  the  same volume  as  the  original  bleb.  (This  was verified  by 
introducing a  small glass bead into the pouch prior to infection; the bead ex- 
cited no reaction, and served as a landmark for the injection of the suspension, 
as well as for the location of the abscess.) The bleb was absorbed, or dispersed, 
in less than  2 hours, and at this time there was little macroscopic evidence of 
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In the period between 5 and 12 hours, however, three changes could be de- 
tected with the aid of a binocular microscope  (X 10): vasodilation,  edema, and 
petechiae, all  involving the entire  pouch, with no localization  at  the site of 
injection. 
Cultures made at 5 hours invariably yielded staphylococci from all parts of the 
pouches, although growth was heaviest in the area injected (Fig.  1). In most 
instances,  the white count was not significantly  elevated at 5 hours, but one ani- 
mal showed a count of 13,000 at 6 hours, and the average counts for the 12 to 
24 hour period were the highest obtained. The neutrophil-lymphocyte ratio, 
normally about 34/64  in  these hamsters,  was reversed  to  73/15  in  samples 
taken between 12 and 24 hours. 
1 to 2  Days 
At 24 hours, the pouches were uniformly red and edematous. Large adhesions 
made it impossible  to spread the structures flat in the usual manner  (Fig.  2). 
Examination under the binocular (X 10) showed that the redness was due not 
only to vasodilation,  but also to widespread petechiae. Where higher  power 
observation was possible, the venules were seen to be crowded with leukocytes. 
Clear demarcation of the pouches into quadrants  was difficult  at this time 
because of the swelling and adhesions,  but cultures made from the four approxi- 
mate areas were all positive. Marked reduction in numbers of organisms  was 
evident,  however,  in  comparison  with  the  5  hour  plates,  especially  in  the 
areas outside the injected region  (Fig.  1). The white count remained high, and 
the neutrophiMymphocyte ratio was still reversed. 
Visible localization  of the infection  took place in the period between 24 and 
48 hours: generalized  effects were reduced, and the abscess developed. Fig.  3 
shows the edema greatly lessened,  the large adhesions gone. It became possible 
to spread the pouches fiat. Petechiae were absent in most cases, or, if present, 
were localized in the area of the abscess. Pus, detectable in only a few cases at 
24 hours, was present in all but one at 48. Distinct abscesses (average 5 mm. in 
diameter) were visible. Only the vasodilation remained general.  The accumula- 
tion of leukocytes in the venules was greatly reduced. In ten out of twelve cases, 
cultures were positive from all four quadrants  of the pouch at 48 hours,  but 
there were fewer colonies than at 24 hours.  In two animals,  three of the four 
quadrants yielded staphylococci. The average white count was nearer normal 
at  this  time, as was the neutrophil-lymphocyte ratio,  although  both showed 
some elevation (Table I). 
3  Days  to  1 Month 
By the 3rd day, removal of the upper epithelium and its adherent connective 
tissue exposed white, fibrous walled abscesses discharging  soft pus. Good growth 
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three quadrants were sterile. In four cases, a few colonies were obtained from 
the area beside that of the abscess; the two upper quadrants were sterile. The 
average white count was still slightly high, but the neutrophil-lymphocyte  ratio 
had dropped to normal. Where the circulation  could be examined, outside the 
abscess, there was no accumulation of leukocytes. 
The abscesses continued to increase in size through the 4th day, reaching a 
maximum average diameter of 7 ram. and diminishing appreciably  by the 7th 
day. (Two animals showed an exacerbation of infection at the 8th and 9th days; 
the abscesses increased  in size, vasodilation  was intensified,  the white count 
rose, and cultures from the abscesses showed more growth, although the other 
areas of the pouch remained sterile. These two cases are not included in Table 
I.) By the 10th day the lesions were visible only as dense reddish  areas,  not 
raised above the surface, and in the ensuing I0 days all macroscopic evidence of 
infection disappeared. 
Positive cultures were obtained from all abscesses through the 8th day, and 
from seven out of ten cases through the 12th day. Three cases showed a few 
colonies through the 15th day; all plates were sterile beyond this point. Three 
out of twelve  animals showed staphylococci  in one area outside the  abscess 
as late as the 5th day, but after this,  the organisms were recovered only from 
the abscesses. (See Table I.) Blood counts were normal in all animals after the 
3rd day. 
DISCUSSION 
The mechanism of localization of foreign material in tissues, and the relation 
of inflammation to this process, are problems which have been approached  by 
a number of techniques.  Menkin (I) determined the degree of walling-off by 
the failure of trypan blue to disseminate to the lymphatics. Okuneff (3), on the 
other hand,  also  using  trypan blue,  found that  inflammation,  produced  by 
turpentine injection,  increased  the rate of absorption  of dye into the blood. 
Falchetti and  Carlinfanti  (4)  increased  the  sensitization  of  guinea  pigs  to 
anaphylactic shock by injecting  the antigen into an inflamed area,  thus pre- 
sumably increasing  its  absorption.  Kenton  (5)  also  raised  the  question  of 
whether inflammation protects by localization or by accelerated  removal and 
dissemination  of  injurious  substances,  and  sought  the  answer  by  injecting 
staphylococcus  toxin  into  inflamed  and  normal areas.  He  obtained smaller 
areas of necrosis in the inflamed regions, and concluded that this could only be 
explained  by removal  of the toxin,  as localization  would have increased  the 
injurious effect. Thuerer and Angevine (6) decreased fibrin formation in rabbits 
by dicoumarol, and found that streptococci  produced larger skin infections in 
these animals than in controls,  thus lending support to Menkin's theory. 
In the present experiments,  the recovery of the organisms leaves no doubt 
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pouch. The effect of their presence was shown by the generalized (i.e., through- 
out the pouch) vasodilation,  edema, and petechiae. If the formation of petechiae 
is considered  as an index  of tissue damage, then the greatest toxic effect was 
produced at this early period when the bacteria were most widely distributed. 
This is also suggested by the fact that the only systemic effect observed, the 
leukocytosis, occurred at the mine time, though it is impossible  to say whether 
this was due to maximum injury or to maximum permeability; i.e., production 
or absorption of leukocytosis-stimuiating material. 
In spite of the presence  of bacteria throughout the pouch, and the evidence 
of their  toxic effects,  further  development occurred only in  the precise area 
where the organisms  were first introduced. The bacteria in the outlying areas 
disappeared  rapidly,  even  before 24  hours,  while  the  abscess continued  to 
increase  in  size  through  the 4th  day.  It  seems that  conditions  suitable for 
growth were present only at the point of injection,  either because the maximum 
number of bacteria were concentrated there in a small pocket (the production 
of the bleb indicates that  the continuity of the connective tissue matrix was 
broken), or because that concentration of organisms  was necessary to produce 
necrotizing  toxin and thus a substrate of dead tissue for further growth. Blair 
(7) has said,  "A small number of pathogenic staphylococci produce either no 
exotoxin or only an insignificant  amount." 
It also seems reasonable to suppose that  the early dissemination of micro- 
organisms  is responsible  for the widespread and early inflammatory reaction, 
and that this, in turn,  succeeds  in destroying the bacteria everywhere except 
at the original  locus. Possibly the disseminated organisms  are more accessible 
to phagocytes. 
The outstanding feature of the 24 hour infection was the edema of the whole 
pouch. Goodner (8), studying dermal pneumococcic infection  in rabbits, also 
described edema as the most striking reaction in the early stages of infection, 
developing before any significant  change  in the cellular  picture. He suggested 
that  the advancing fluid  carried pneumococci with it, and was the means of 
spreading infection through the tissue.  In the present study, slight edema was 
seen at 5 hours, and may have played a part in dissemination  of the staphylo- 
cocci, but the greatest exudation of fluid  occurred in the 5 to 24 hour period, 
and coincided with the maximum reduction in numbers of bacteria in the out- 
lying areas of the pouch. Clearly, the disseminated pneumococci were capable 
of reproducing themselves,  while the staphylococci were not. In the latter case, 
the large volume of fluid in the tissue may even have had a diluting effect. 
Finally, the question arises as to whether fibrin plays any role in determining 
the course of staphylococcus infection.  Menkin,  working with fixed,  stained 
sections, was able to demonstrate fibrin plugs in the lymphatics, and a fibrinous 
network in the tissue,  within  1 hour after infection.  In the present work, all 
observations of the tissue were made in vivo;  lymphatics were not seen,  and 
fibrin  (or "fibrinoid"  material) was visible only after 24 hours.  It is possible, G. Yo~sG  305 
however,  that  the  early deposition seen  by Menkin  also  took place in  the 
cheek pouch. If it did,  the lymphatic plugs might  explain  the failure of the 
organisms  to invade the circulation.  On the other hand, the fibrinous  network 
in  the  connective  tissue either  developed too late  to prevent  spread  of the 
staphylococci, or was ineffective as a barrier at this stage. As suggested above, 
fibrin-like material was observed, even at low power, by the end of the 1st day. 
It appeared to be responsible  for the large adhesions  which knotted the pouch 
at this stage. Dissection of the abscess (under the binocular) showed its walls 
to be composed of similar delicate fibers, and the normally transparent, avascu- 
lar layer of the connective tissue became fibrous,  white, and opaque for some 
distance  beyond the lesion.  There  was evidence that  this fibrinous wall did 
prevent spread of infection: there was no further contamination of the surround- 
ing  tissues  after  the  initial  dissemination,  even  in  the  two  cases  in  which 
secondary enlargement of the abscess occurred.  The fact remains that, whatever 
its effect on these other aspects of infection,  fibrin  appears to play no part in 
early localization  of staphylococcus infection within  the connective tissue. 
Small  amounts of staphylococcus suspensions  were injected into  the cheek 
pouches of hamsters.  Within 5 hours,  the organisms  were recovered from all 
outlying areas of the pouches, and in the following hours the entire structures 
showed vasodilation, edema, petechiae, and accumulation of lenkocytes in the 
venules. Leukocytosis also occurred at this time. 
Between 24 and 48 hours,  well defined  abscesses developed at the sites of 
injection,  and  there was a  sharp  decrease in  the bacteria in all  other areas. 
From  the 3rd day onward, organisms were only occasionally  recovered from 
tissue  outside  the  abscesses.  At  this  period  of localization,  the  generalized 
edema and petechlae also subsided, as did the lenkocytosis. 
Localization of infection was not due to a walling off process, since the bac- 
teria were disseminated through  the entire pouches in the 1st few hours, but 
these organisms  diminished rapidly, while  those at the original  injection sites 
continued to grow and reproduce for several days. 
Localization of infection appeared to be due to the inability of the bacteria 
carried away from the site of injection to reproduce. This in turn may have 
been due to dilution,  to lack of sufficient toxin to produce a necrotic substrate, 
or to greater accessibility of these organisms  to phagocytes. 
The author acknowledges with  thanks the technical assistance of Mr.  David L. Pierce, 
who did some of the cardiac punctures,  and Mr. Frederick R. Burrill, who took the photo- 
graphs. 
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EXPLANATION OF PLATES 
PLATE  8 
FIO. 1.  Recovery of staphylococci from areas of pouch. In each plate, the section at 
top  center  represents  the  lower right  quadrant  of  the pouch,  where bacteria  were 
injected, and clockwise around each plate are lower left, upper right, and upper left 
quadrants. THE  JOURNAL OF  EXPERIMENTAL  MEDICINE  VOL. 99  PLATE  8 
(Young: Staphylococcus infection in hamster cheek pouch) PLATE 9 
FIG. 2.  24 hour infection. The pouch is edematous,  with large adhesions.  Dilated 
vessels and petechiae can be seen at left.  × 10. 
FIG.  3.  48  hour  infection.  Pouch  is  flat,  except  for  abscess.  Petechiae  are  still 
present near abscess but not outside this area.  X 10. THE  JOURNAL OE  EXPERIMENTAL  MEDICINE  VOL. 99  PLATE  9 
(Young: Staphylococcus infection in hamster cheek pouch) 